Background: Human T cell lymphotropic virus type 1 (HTLV-I) can cause tropical spastic paraparesis/ HTLV-1 associated myelopathy (TSP/HAM) and adult T cell leukaemia/lymphoma. More recently other diseases such as isolated peripheral polyneuropathy, myopathy, artropathy, and uveitis have been associated with this retrovirus. Only a few uncontrolled studies, without necessary exclusion criteria, have described mild cognitive deficits among TSP/HAM patients. To further clarify this the authors evaluated, through neuropsychological testing patients with TSP/HAM and asymptomatic infected carriers, comparing both groups with healthy controls. Objectives: To verify the presence of cognitive deficits among TSP/HAM patients and asymptomatic HTLV-1 infected carriers. In addition, the authors aimed to investigate if these deficits correlated with the degree of motor impairment in TSP/HAM patients. Methods: From a cohort of 501 HTLV-1 infected people the authors selected, according to predefined inclusion and exclusion criteria, 40 asymptomatic HTLV-1 carriers and 37 TSP/HAM patients. Neuropsychological testing was blindly performed in both groups and their scores were compared with those obtained from controls. Results: Both the HTLV-1 carrier group and the group of patients with TSP/HAM exhibited a lower performance in neuropsychological tests when compared with controls. Asymptomatic infected carriers and TSP/HAM patients did not differ in their cognitive results. Also, there was no relation between the degree of motor disability and cognitive deficits in the TSP/HAM group. Psychomotor slowing and deficits in the some domains characterised the neuropsychological impairment in HTLV-1 infection: verbal and visual memory, attention and visuomotor abilities. Conclusions: TSP/HAM as well as asymptomatic infection can be associated with mild cognitive deficits. This finding, if confirmed by further studies, will permit the inclusion of cognitive impairment among the neurological manifestations of HTLV-1.
T he human T cell lymphotropic virus type 1 (HTLV-1) is the aetiological agent of tropical spastic paraparesis/HTLV-1 associated myelopathy (TSP/HAM) 1 and adult T cell leukaemia/lymphoma (ATLL). 2 It is also implicated in other clinical conditions, such as peripheral neuropathy, myopathy, and uveitis. [3] [4] [5] [6] The interest for cognitive disturbances in HTLV-1 infection started after an increasing number of reports describing brain abnormalities in magnetic resonance imaging (MRI) of TSP/HAM patients. Because the white matter lesions of TSP/HAM are in some aspects similar to those observed in patients with multiple sclerosis or in HIV infected people (both conditions with well known cognitive impairment), the cognitive deficits in TSP/HAM patients are also supposed to occur. Yet, only a few papers about this subject are available in the literature. Most of the published literature on cognitive disturbances in TSP/HAM describes psychomotor slowing, attention deficits as well as visual and working memory deficits. However, a number of methodological problems arise from these series. Extensive batteries for assessing cognitive dysfunction have been used in only three of the nine available papers, [7] [8] [9] and in only one a control group was used. 9 The remaining papers are either case reports, 10-12 studies on cognitive event related potentials, 13 or epidemiological surveys on the seroprevalence of HTLV-1 in demented patients. 14 15 Therefore, there have been no entirely satisfactory studies looking for cognitive deficits in HTLV-1 infected people using a representative sample, comparing it with a control group and using a full battery of neuropsychological tests. The aims of this study are (1) to investigate the existence of cognitive disturbances associated with TSP/HAM and whether it bears any correlation with the degree of neurological disability of such people, and (2) to check whether minor cognitive deficits are present in asymptomatic carriers (AC) of the virus.
METHODS
TSP/HAM patients and AC were selected from a cohort of 501 HTLV-1 infected people from the Evandro Chagas Research Institute/FIOCRUZ, Rio de Janeiro, Brazil. Forty AC and 37 TSP/HAM patients were selected in accordance with inclusion and exclusion criteria. The control group included 111 healthy people from a Brazilian normative databank of more than 300 persons. This databank has been previously created as a control group for neuropsychological testing. Controls have been matched with cases by age, sex, and educational level. The inclusion criteria for the HTLV-1 group were: HTLV-1 antibodies in serum (in AC group) and serum and CSF (in TSP/HAM group) by ELISA and western blot analysis; TSP/HAM diagnosis according to Osame's criteria 16 ; age over 18 and formal consent. The exclusion criteria for all the studied groups were: history, clinical or laboratory evidences of overt dementia, mood or psychiatric disturbances, traumatic brain injury, stroke, B12/folate deficiency, hypothyroidism, alcoholism, drug addiction, HIV infection, syphilis and epilepsy; severe or non-corrected deafness or visual deficits; motor impairment in arms or hands; use of psychotropic drugs in the past four weeks; formal education level under five years and lack of fluency in the Portuguese language. All the HTLV-1 infected subjects were submitted to a clinical interview and a full neurological examination by one of the authors (MTTS). In addition, TSP/HAM patients were further classified into mildly, moderately, or severely disabled according to a previously validated disability scale (Evandro Chagas Clinical Institute Disability Scale for TSP/HAM). This scale bears a good correlation with the Kurtzke's disability status scale used in patients with multiple sclerosis and also widely used in TSP/HAM. 17 After fulfilling the inclusion criteria, TSP/ HAM patients and AC were sent to a formal neuropsychological testing performed by a trained psychologist (AA). . These tests where chosen because they are extremely sensitive to minimal brain dysfunction and because they have been previously validated in HIV infected people. 18 Those tests investigate the main neuropsychological deficits related to subcortical involvement: attentional dysfunction (including mental flexibility or alternate attention), memory disturbances (visual and verbal), visuoperceptual deficits and visuomotor dexterity or speed. 19 This profile is clearly distinct from the one seen in cortical involvement. 20 An in depth description of these tests can be found elsewhere. 21 All the crude scores were analysed by a statistical software (Epinfo version 6.0, DPHSI, CDC, USA). Non-parametric tests (χ 2 , Kruskal-Wallis, and Mann-Whitney) were used and a p value <0.05 was considered significant. Table 1 shows the demographic features of the three groups. There were no significant differences in terms of age, sex, and educational level. We observed significant statistical differences in the raw scores of all tests when comparing the HTLV-1 positive group with the HTLV-1 negatives (table 2) . There were also significant differences in almost all tests when comparing the scores of the AC group with the HTLV-1 negative group (table 2) . In contrast, the AC group did not differ significantly from the TSP/HAM group, except in the part A of the Trail Making Test, Digit Symbol, Digit Span Backward, and in some components of the Auditory-Verbal Learning Test (table 2) . In addition, except for the Grooved Pegboard with no-dominant hand test, the performance in the neuropsychological tests seemed not to be affected by the severity of the neurological disability.
RESULTS

DISCUSSION
In our sample, HTLV-1 infection was associated with mild cognitive deficits, characterised by impairments in psychomotor speed, verbal fluency, verbal and visual memory, selective and alternate attention (flexibility), and visuoconstructive abilities. The AC group revealed a worse performance in several tests when compared with the control group (table 2) . The association between "asymptomatic" infection and mild cognitive deficit was also supported by a similar performance when we compared the AC group with the TSP/HAM group (table 2) . A confounding factor (such as mood disorder) in the TSP/HAM group that could bias the results is weakened by this finding. Furthermore, the severity of the motor impairment was not associated with a worse performance in the TSP/HAM group. This suggests that either HTLV-1 infection in itself could be responsible for this mild cognitive decline or that, in fact, some of these so called asymptomatic carriers are true neurological patients with a subclinical form of HTLV-1 associated cognitive dysfunction without myelopathy. The first reports on the presence of MRI brain lesions in TSP/HAM appeared soon after the initial TSP/HAM description. 22 23 The prevalence of this finding is said to be around 50% to 80%, making us believe that these lesions were not restricted to the spinal cord. These white matter lesions are supposed to be caused by a chronic perivascular inflammation. Akizuki et al demonstrated perivascular lymphocytic infiltration in the CNS, suggesting that vasculitis is an important pathological feature of TSP/HAM. 24 This may explain the diffuse nature of such lesions, suggesting that TSP/HAM is in fact a chronic multifocal leucoencephalopathy.
The pathogenesis of TSP/HAM is not fully understood. The findings of infected T lymphocytes in the CNS suggest transendothelial migration and passage of these cells through the blood-brain barrier. This is regulated by cellular adhesion molecules and some chemokines. 25 26 The interaction between infected lymphocytes and CD8+ cells in the CNS results in release of cytokines, as TNFα, IL1, IL2, and IL6, with subsequent destruction of glial tissue. 27 It has been shown that the supernatant of HTLV-1 infected cell cultures inhibits endothelial growth and increases fibroblast growth, being this phenomenon related to TNFα production. 28 These observations explain the pathogenic nature of two pathological features: the fibrous thickness of leptomeninges and adventitia (by fibroblast proliferation) and lipohyalinosis of small vessels (by suppression of endothelial cell growth). Moreover, TNFα has a toxic effect on endothelial cells and an inhibitory effect on DNA synthesis that changes the endothelial morphology and compromises the blood circulation. 29 Another study that reinforces the vascular inflammation mechanism in cerebral lesions is Kira's study.
14 After analysis of the HTLV-1 seroprevalence in a cohort of demented patients, they found an association between vascular dementia and HTLV-1 seropositivity. They also demonstrated a relation between HTLV-1 and peripheral atherosclerosis, heart disease, and systemic arterial hypertension. All these data strongly suggest that white matter brain lesions may be inflammatory in nature and that a vasculitis is implicated in its pathogenesis.
If we use multiple sclerosis and HIV infection as paradigms for conditions in which cognitive dysfunction is associated with white matter abnormalities, it is reasonable to suggest that the same happens in HTLV-1 associated cognitive deficits, although they are seem to be milder. White matter is critical to motor, sensory, and visual systems. Lesions in such subcortical structure contribute to a variety of neurobehavioural syndromes. Because of the great connection between frontal lobes and more posterior regions of the brain, and the ratio of white to gray matter is higher in the right than the left hemisphere (especially in the frontal lobes), diffuse white matter lesions would preferentially disrupt attentional systems, frontal lobe function, mental flexibility, visuospatial skills, and emotional status. 30 In fact, if at least one physiological function of the frontal lobe is to integrate networks for combined action, white matter multifocal partial lesions (like in multiple sclerosis, HIV encephalopathy, and even TSP/HAM) could collectively disrupt internetwork coordination and therefore lead to the manifestations of a "frontal network syndrome". 31 This is characterised by psychomotor slowing, decreased verbal fluency, memory deficits, impaired vigilance, selective and alternate attention deficits (flexibility), and impairment in visuoconstructive abilities. Additionally, there is evidence that brain white matter volume declines with age. 32 This observation implies that mental changes associated with normal aging may be in part attributable to myelin loss, and such changes are very similar to "frontal network syndrome". In short, white matter is a crucial component of neural networks, contributing to many syndromes seen in behavioural neurology; the effects of white matter diseases should therefore be clinically important.
A review of the literature about cognitive deficits in HTLV-1 infection detected only nine reports (table 3), most of them uncontrolled and small. Of these, only one is, to some extent, similar to ours. 8 However, the main differences between both studies are that neither necessary exclusion criteria (as neuropsychological deficits may be correlated to a myriad of conditions) nor a control group were used in that study. 
